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Abstract The interaction between microplastics, heavy metdls and antibiotics can lead to combined pollution, which could result in
greater e.nv1r0nmental damage. The pathway and mechanism of the interaction between microplastics, heavy metals, and antibiotics are
the preconditions for evaluating the associated environmental risk; however, these are not well understood. As probe sorbates, the
sorption behaviors of copper ions (Cu**) and tetracycline ( TC) on two microplastics [ high density polyethylene (HPDE) and general-
purpose polystyrene ( GPPS) | in aqueous solution were investigated and the welding theory with relevant experimental results were
discussed. The adsorption capacity of HDPE was greater than that of GPPS in a single Cu solution, whereas the reverse situation
occurred in a single TC solution. Moreover, the adsorption capacity of the microplastics in a Cu** -TC binary solution was larger than
that in the single solutions. The pseudo-second-order kinetic models to describe the adsorption process were reasonable and the entire

process could be divided into two phases: surface adsorption and internal diffusion. The Langmuir model provided a better fit of the

2+ -1

data than did the Freundlich model. In the single solutions, the saturated adsorption amounts of Cu”* and TC were 0. 178 pmol-g
and 0. 257 pmol-g~", respectively, for GPPS, and 0.334 pmol-g™" and 0. 194 wmol-g™", respectively, for HDPE. In the binary
solution, the corresponding numerical values were 0.529 pmol-g™ and 0.411 pmol-g~"', respectively, for GPPS and 0.471
pwmol-g™" and 0. 341 pmol-g™", respectively, for HDPE. The variations in the surface morphological characteristics and chemical
functional groups were the main reasons for the difference in the adsorption behavior of microplastics. The variation of the pH of the
adsorption system could change the existing forms and surface electrical properties of microplastics and adsorbed objects, and
subsequently affected the equilibrium adsorption capacity. When the ambient temperature was in the range of 15 to 35°C , increasing
the temperature was unfavorable for the adsorption process. Cu>* and TC could produce a synergistic effect under the conditions of
coexistence. The formation of complexes and bridging make Cu’* and TC more easily adsorbed by microplastics.

Key words : microplastics ; sorption; copper ions; tetracycline( TC) ; model

BRRL R BRAT B3 118 3 i 5 e SR S N 2R
ﬁzﬁﬁiﬁ,’] %%’f’tA% /ﬁzj‘jig E/JEEFZ: ét}?*’l’ Z@*’I’ Wﬁﬁ,ﬁﬁ 2020_02_27; 1@1‘]’5[33 2020-03-12
D O V4 e B R : AP ETEG T ; Wil 58 A
PRI TA A PR SR R G, (bR, BEME: IR LR SR (s187801T)  IT R
KPR T Sk i B AU BB 9 £ (2019yjskj02)

. , e e MEE A WA (1971~ ) 5 Wt B, B 38
STEAE SN FREE (1 25 5k th, DR RS T84 M 5 Bl 103130@ sust. edu.



3676 7D 53

B 41 %

IO A5 5 4 I A e 7 Y B
ﬁsmm&U?EﬁMﬂﬂﬁwaiﬁ%ﬁ?@ﬂ
72 it B B S PR e A TR BN L
FHRUREC L MR 2 (AL 2 S5 4, VB Ak ] A B 355
TS Y B A K AR AE . L ZIENT SO ] 5
B Z AL TEHLIS Y ah & I AR B b 8
SiiRINBIIP =Y 7/ki5-A IPNE Y (:3: Ak

T4 AL 2 P21 B P B F T3 1,
AT AE K AR+ SR B th R R AE. T 5 S REE A
JREE A e A R AR, 7T 4 3 PR 55 A
PESLIR 05 WV £ 3. B E e R 3 b
W 12 22 o ol 00 - A 2 R BB - 4 SR VS e B
L IR T AR B T 5 R 4 sl
FLEL PTG U A TS Y, SRS T 35 e B A 1
BT R 5

PO R 5 8 4 T A 25 PR PR A S5 BL
SRR LIRSS KUK B B B A BT, ATkt
PREEAT R RIBISE M A TR B 45 o e 5 o 4
JiR 0 2 ] R L R AL s S TS AR, i, LATS

WIER I ( high. densny polyethylene JHDPE) Gl ﬁfﬁ W

v&%z{i G ( general purpose polystyrene GPP ) ?ﬁ 7&
WﬁMﬂiﬂ‘ﬁ%@ LA B T (Cud) *ﬂlﬂlﬂ?
(tetracyeline}, TC)’f{EjiliFﬁﬁ’ 159, Eﬁnﬁ@éﬂ?’ﬁk

PR e A TR Y A T %ﬁﬂﬁm
PO RAEE SPFROLH 1R o

T‘“%’fﬂ%ﬂﬁ%)‘ﬁ%ﬁﬁf T B A THLIIT
1 Bk

1.1 SEEeAbR

FE R Y 5 FR bR UE b (Cy HyN, O, ZHE B2 >
97 %, WKL FIT ) , A €63 2 FR 7 ik J PR i /K
B BB AL 360 wmol - L' 745, 4°C 551 e AR
FE. 58 RIS BT SR R A | R 2KV 4
BEZE 720 pmol - L' (Lh Cu® ) W&, 4°C & F
WECIRAT. T ih e GPPS 1 HDPE #5347 48 4l 7K 12 30
HUEE TERTE, &0 /5 3100 ~200 H (75 ~
150 wm) Wik 45 ). GPPS tb &L A, = 0.513
U 455 pH,,. =4.7; HDPE lWERHH A, =
0.746 m*-g~" pH,, =5.1.
1.2 Sybrka

ORI AR & X o B s
(Phenom ProX % Phenom A H], fif 22) 5 T8RN E fiE

V153 B SR FH A B 728 48 21 1 56 15 43 (TR Prestige-21

AU B HEA ], HAS) 5 SRl L 2R AR I S R L
Z T AR 52 A% ( Autosorb-IQC Y | Quantachrome 72y
Al D) ; W Cu® R BN A SR R I IOk

2 _
m g

AL (ICE3500 %Y | ThermoScientific 23 &), &) |, k
SRR 324, 7 nm; VW TC ¥ B2 2 R H
1 ROAH 6,55 725 (2695 T Waters 28 A, G H) |, K
P 355 nm, B AR R KRR pH = 2 IR E
Cu** , Z G FRGIN TC ; 25 e 5 00 2 R F R 3
1.3 SRk

(1) Webftsh f12F 25T 40 ml 5 6 b (LB
BRI A 25 mL 22.5 wmol-L™'TC B Cu®* I
WP —RFR) B 118 Co®* -TCIRAR(BEAERR,
A G B ARy 54 22,5 pmol -L7") ﬁﬂﬂ/\
0.5 g UHRHURL, AT E 3 4, T 25°C .
remin "' SR T EH J&W{fﬂﬁ{%}iﬁ T‘EHTIEﬂIEﬂFmHX3
ZHSEATAKREAT 25 0. 45 wm JEFF I 185 IR

(2) SR AT 40 mL A S AR LB
ARSI 25 mlL AS [ ) TC 5 Cu?* T i 5
1: 19 Cu’ " -TC IR AT, B A 0. 5@@‘(%%%&
SFATREBE 3 48571 25°C, 100 r-min #T{qlﬂ
ﬁﬁ%@&r£¥@Fw%wm3@$ﬁm#%
0.45 wm oﬁﬂ*ﬁﬁ/ﬁfﬁﬂuﬁt

(3) pH &/ﬁ%ﬁ"‘ﬁf i pH ﬂwmﬁﬁ 0.1
mol +L ™" 5 HC1 sk NaOH %4, 1L A A8 15 | 5
F135CI% 3 /W%EZ e ln] 2 1450 '
1.4 BdEAH '?Wfﬂ%ﬁ“

BT 5700k Hl Excel 2016 éﬁd}“’a@%ﬂ*ﬁﬁ
‘Orlgln 8.5 Zijj%fu/\ﬁ*Iﬁﬁﬁfﬁﬁéﬁ[ X(1) ]
[ (2) ] . Elovich[ 2 (3) ] & Weber-Morris [ =;
(4) AR SRS TR R Langmuir[ 3(5) ]
F1 Freundlich[ 2(6) [ AR .

g, = q.(1 —e™") (1)
Kz‘]it

S (2)
1

q,=Eln[1+(a'B't)] (3)

g = bt +C (4)

Kltce
qe - qml + K]Ace (5>
qe = Kf : c]e/" <6>

Koo FORWIFEE] (h) 5 g, e ¢ B 20308 AL
BFie (umol - g ™") 5 g, AW BOFF-i7 I AR G o
(pmol-g™ ) ¢, # 78 B0 2 KL 4 F1 W% K &=
(pmoleg™ ) e, F 7n W W ™ W B BT oWk B
(pmol-L7") 3 K, FRE—RSN 12 HE(h™"); K,
FORE RN J1 2B - (pmol+h) ' 5 a IR
62 B 3R B[ wmol - (g+h) ']y B KR HE HE
RIS B AR S B W8 B 4 (g - mol ™) 5 b IR AT



8 3] P ) AR A5 AR 7K PP 5 1 R DU 2R B T MR A T 36717

HOE R E(wmol +g ™' -h ™) ; € Frny B FLEH
ToH ( ;.Lmol-gfl ) K, 2R Langmuir W [ H &%
(Lepmol ") ; K, %7~ Freundlich Z856 % 41 ( pumol L
g ' LYY 5 n FoR SRR R A AL

2 HREWE

2.1 UBERIIE S S LM G RRE

K 1 4 GPPS 1 HDPE A9 414 o3 45 . al LA
F i, GPPS UL RO % 52 BE v R B b i
HDPE £ A2 (EEEZ. MR RIEEZ
HERmBAHXE, MY L2 LBREZHRIIES
TEAE R A R Y LE 3 T FRURIT 22 79 W R 35 1 a5 A7

E

&
b

SC HDPE [b 2 1 BLUE 0. 746 m*-g™', GPPS [k
REMBUZ0.513 m? g™ | X5 HIBE SKR—
H.

Kl 2 & GPPS 1 HDPE B9 4L 4b 6 1%, W] %1,
HDPE 11 2 ZREAE 442 917 em ™' 12 849 em ™'
Rb) C—H B d 21481 em ' Fil1 461 cm ' Kb
C—H, 2R3N, 716 cm ™' 1721 em ™" 4bF) C—H,
I PRI, 7E M A2 B AL, GPPS £77E 5 HDPE 2511
PR AER 5% J3E AR AIF I A 06, LR 7E 750 ~ 2 000 em ™' %
3000 ~ 3100 em ™' i [l A7 7 55 2 WM 0%, (0 45
3020, 3055113063 cm ™' AbAYFEIR C—H HEf R,
1598, 1539011 488 cm ™' &b (A E 4R R 5.

I"I

b

EIDIRE-S 00

1 ERAERE
Fig. 1 SEM image of GPPS and HDPE microplastics
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